A novel winding structure in planar inductors to decrease the overall capacitive couplings by Shahabi Ghahfarokhi, Neda et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUT Digital Repository:  
http://eprints.qut.edu.au/ 
Shahabi Ghahfarokhi, Neda, Abbasalizadeh Boora, Arash, Zare, Firuz, Ledwich, Gerard, & Ghosh, 
Arindam (2010) A novel winding structure in planar inductors to decrease the overall capacitive 
couplings. In: Proceedings of the 20th Australasian Universities Power Engineering Conference - 
Power Quality for the 21st Century, 5-8 December 2010, University of Canterbury, Christchurch, 
 
          © Copyright 2010 IEEE  
A novel winding structure in planar inductors 
to decrease the overall capacitive couplings 
Neda Shahabi                                                 Arash A Boora, Firuz Zare ,Gerard Ledwich,Arindom Ghosh 
         Department of Electrical Engineering                                             Department of Electrical Engineering                   
      Queensland University of Technology                                             Queensland University of Technology       
                       Brisbane, Australia                                                                     Brisbane, Australia 
      neda.shahabighahfarokhi@student.qut.edu.au 
 
Abstract-This paper presents a new method for 
winding configuration in planar magnetic elements 
with more than two layers. It has been proven by 3D 
Finite Element method and mathematical modelling 
that this suggested configuration results in reduction 
of the equivalent capacitive coupling in the planar 
inductor. 
      Keywords-planar magnetic element; capacitive 
coupling (CC); Finite Element Method  
I. INTRODUCTON 
Planar magnetic elements are more widely utilized 
in switching mode power supplies (SMPS) 
compared to conventional rivals. They provide 
advantages such as small volume which results in a 
more compact SMPS package as well as high 
inductance for the same amount of the copper. 
However, in a high frequency range the capacitive 
coupling between the layers produces leakage 
current due to the high dv/dt which distorts the 
current distribution in the layers. Producing this 
unwanted current increases the heat dissipation in 
magnetic elements. Shifting the position of the 
layers with respect to the other layers can reduce 
the common area of the layers which can decrease 
the overall capacitive coupling of the inductor [1-
10]. 
 
 
 
When the planar magnetic consists of two layers, 
shifting the second layer to the 50% is effective in 
reducing the capacitive coupling between the 
layers. This amount of shifting is described by the 
formula (1). 
 
dw
sh
shift
+
=(%)                  (1) 
sh, is the amount of movement in the winding, w is 
the track width and d is the horizontal distance 
between the tracks.  The physical parameters in the 
planar magnetic layers are shown in Fig.1. 
However, applying this shifting method for every 
other one layers in planar magnetic with more than 
two layers results in an increase in the equivalent 
capacitive couplings. Since shifting the second 
layer in respect to the first layer removes the 
electric shields between the first and third layers, 
the total effect is in the direction of cancelling a 
decreased capacitive coupling with increase in 
other capacitive couplings. As can be seen in Fig.2 
the shifting technique which is applied to every 
other on layer is failed .in this graph, X represents 
the CC between the winding in one layer with the 
winding in the immediate next layers (ex.1 and 2), 
while Y represents the CC between the winding in 
a layer with the winding on the two next layer (ex.1 
and 3). Shifting a winding, related to its previous 
layer reduces the CC between them which is X. 
However, the CC between the fixed winding and 
the winding on the next two layers, Y increases 
simultaneously.  This increase is due to the middle 
winding between them, which posses a shielding 
role when removed gradually, the value of the 
shifting is increased. Since the effect of decreasing 
the X is almost neutralised by increasing the Y, the 
equivalent capacitive coupling, Ceq is roughly 
constant within the shifting range [11]. 
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After connecting these split windings in series, it 
has been found that this split winding method 
offers a better equivalent capacitive coupling 
compared to the simple structure. 
II.      SPLIT WINDING IN EACH LAYER 
In this section two different structures for a planar 
magnetic element are compared.  
 
 
Fig.3. two layer planar magnetic element, with 8 turns windings 
in simple structure. 
 
The first structure which is shown in Fig.3 is the 
simple structure which consists of 8 turn planar 
winding in each layer. Table I. includes the 
physical parameters of the planar layers. 
 
 
 
 
Track width(w) 5mm 
Distance between the 
tracks(d) .5mm 
Insulation 
thickness(h) .21mm 
Relative permittivity 
Insulation (εr) 
1.88 
Cupper thickness .05mm 
Number of turn in a 
winding of layer 8 
 
In the proposed structure the windings in each layer 
are split in two identical windings. This means that 
numbers of the turns are halved.  These parts then 
could be connected in different ways to compose a 
series planar inductor. The distance between the 
tracks in each winding is 6mm, and the second 
winding is placed at the middle of the space 
between the Tracks of the first winding. Now the 
distance between the tracks in one layer would be 
0.5mm. Fig.4 represents the idea of windings 
position in the split structure. 
 
 
 
 
Fig.4. two layer planar magnetic with two windings in each 
layer which the windings are 4 turns. 
 
With Finite Element (FE) analysis the capacitive 
coupling between the windings could be obtained 
and compared with the values from the first 
structure. 
The tracks of the winding in the layers for the first 
structure are shown in Fig.5. 
 
 
 
Table II, contains the capacitive coupling values of 
a two layers planar element in both structures. The 
first structure just has the one capacitance between 
the two layers; C12, while the second structure 
includes the significant horizontal capacitances 
between each pair of windings in the same layer. 
       
Capacitive 
coupling(Pf) 
The first 
structure 
The second 
structure 
C12,C1`2` 931 484 
C21`,C12` _ 10 
C11`,C22` _ 57 
  
At the second stage, the capacitive coupling 
between the four winding layers of the first 
structure and second structure are compared. Table 
III, has shown the values for these capacitive 
couplings. Fig. 6 illustrates a four layer the split 
structure which consists of a couple of four turn 
winding in each layer. 
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Fig. 6 .split structure with four layers which is 
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TABLE III. CAPACITIVE COUPLINGS IN SPLIT 
STRUCTURE 
 
In Table IV, the CC between the vertical positioned  
Windings which have the whole common surface 
area between them are twice as large as this CC 
with the similar position on the split structure. In 
the simple structure the layer which is positioned at 
the middle of the two other layers play a shield 
role, reduces the CC between them to a small 
amount. 
TABLE IV. CAPACTIVE COUPLING IN SIMPLE 
STRUCTURE 
 
III. MODELLING  THE CONNECTED 
SPLIT WINDINGS 
The windings in the layers of two structures could 
be connected in different ways to form a series 
planar inductor. Although, there are several options 
for these windings to connect in serries, the main 
objective is to reduce the equivalent capacitive 
coupling. Thus it should be concentrate on 
obtaining the best method of winding. The general 
rule is that, connecting the windings with the larger 
common capacitance coupling and closer to each 
other makes the equivalent capacitive coupling, 
smaller. Table V, presents the value of the 
equivalent capacitive coupling for several cases of 
winding connection. As can be observed on the 
Table, connecting the winding in order of 1234 
provide a better capacitive coupling, as the 
capacitive coupling of the C12 is bigger than the 
C13. 
 
TABLE V.CAPACITIVE COUPLINGS IN SIMPLE 
STRUCTURE 
 
 
 
The optimum connection winding for both structure 
of the simple and split ones, are illustrated on 
Fig.7.the CC between the windings with the 
identical common surface area are approximated 
with the similar values. 
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Eac
cap
coupling(Pf) The second structure 
Ch (C11’, C44’) 56 
Chm (C22’,C33’) 4.8 
Cd(C1’2,C12’,C2’3, ,C24’, C34’,C3’4) 6.3 
Cv(C12,C1’4,C23,C2’3,,C34,C3’4’) 477 
Capacitive coupling(Pf) The first structure 
2Cv   (C12,C34) 966 
C13,C24 7.8 
C14 4.7 
Winding 
arrangement 
sequence in two 
layer planar element 
Equivalent 
capacitive coupling 
in simple 
structure(pF)  
Equivalent 
capacitive 
coupling in split 
structure(pF) 
(1,2,3,4) 100 253 
(1,3,4,2) 142 268 
(1,3,2,4) 135 273 
(2,3,1,4) 138 266 
(1,2,4,3) 110 279 
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Fig.7 .winding connection of the simple structure 
(a), winding connection of the split structure (b) the split structure, The capacitive coupling 
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ctly underneath of each other , which poses the 
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. Comparing this capacitive coupling in both 
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acitor in simple structure is almost as twice as 
split ones. That’s because of the common 
ace area is halved for the split structure. 
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cture is 2Cv. in simple structure, the other 
acitive couplings are neglected, thus the only 
acitor amounts which are taken to accounts are 
vertical capacitances, 2Cv. on the other hand, in 
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same layers. These CCs, between the horizontal 
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e CCs, between the horizontal windings in 
rior windings are reduced to small values under 
pF. That’s because, for the internal layers the 
tric fluxes between the horizontal windings are 
lded by the surrounding layers of up and down. 
this case the CC between the horizontal 
dings in the interior layers is called Chm. 
lly, the CC between the diagonal positioning 
dings to each other is name Cd, these CC are 
 have the negligible values due to the zero 
mon surface area between them. 
 
Fig.8 .the inductive-capacitive model of two windings 
h pair winding could be defined with a 
acitive /inductive model. In this model each 
winding presents an inductor which connects the 
two similar capacitors at the end of the terminals to 
the other inductor. The value of these capacitors is 
half of the CC between these two windings. This 
model is shown in Fig.8. 
Applying this model in split structure with two 
layers would result in the capacitive-inductive 
group objects as is shown in Fig.9. 
 
 
Extending this model to, n layer, planar magnetic 
elements, for connecting the windings in the simple 
structure as explained in the Fig.7, the whole 
configuration could be observed in Fig 
10.simplified structure of this model is shown in 
Fig.9 (b). 
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Extending this capacitive/inductive model for n 
layers in split structure would be consist of a group 
as can be seen in Fig.11 (a).the simplified structure 
of this model is shown in Fig.11 (b) which has 
repetitive structure. 
 
 
 
 
Using this repetitive structure, with a program the 
equivalent capacitive coupling would be gained for 
various values of the, n. Fig.12, shows the 
comparison between the split structure and simple 
structure for different cases of Cv-simle and Cv-split. 
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 (Ch=50 pF, 
Chm=5pF). The value of Cv-simple is twice of the Cv-
split.for less values of Cv , split structure offer less 
equivalent capacitive coupling for higher number 
of turns.Fig.12 indicates the comparison between 
the equivalent CC of split structure and simple 
structure for various amounts of Cv-split. 
 
 
Fro
hig
sm
sim
low
str
spl
va
the
red
en
spl
an
str
pre
 
 
Ch
in 
the
Conclusion 
The technique of splitting the windings in the 
planar magnetic elements brings about the 
reduction in equivalent capacitive coupling for 
specific number of the turn layers. This paper 
investigates the different parameters and structures 
to find out the optimum cases of having the lower 
equivalent capacitive coupling. This reduction has 
the effect of reducing the current spikes between 
the layers.   
REFERENCES 
 
[1] Andre Buttner, Arne Nysveen, “High frequency winding  
design for planar switch mode transformers”, 
NORPIE/2008Nordiac Workshop on power and industrial 
Electronics, June 2008. 
[2] Bai Feng, Niu Zhong-Xia, Shi Yu-Jie, “EMI modeling and 
simulation of high voltage planar transformer”, Power 
Electronic, Drive and Energy systems, PEDES2006, PP.1-
4, December2006. 
[3] Jianbing Li, Yujie Shi, Zhongxia Niu, Dongfang Zhou, Fig. 13, comparison between the equal capacitance for 
simple and split winding structures for different Ch m the graph of Fig.13, it is obvious that for 
her values of the Ch-split the split structure has the 
aller equivalent capacitance compared to the 
ple structure in higher number of the turns. For 
er values of the Ch-split the trend so that the split 
ucture has less equivalent CC compared to the 
it structure. Fig. 14 illustrates the effect of 
riation of Chm on the equivalent capacitance of 
 split winding structure. Although lower Chm 
uces the equivalent capacitance slightly, it is not 
ough to change the number of the layers in the 
it structure. The values of Cv and Ch are 500pF 
d 50pF. The equivalent capacitance of simple 
ucture with vertical capacitance of 1000pF is 
sented for comparison. 
 
ang
the 
 tra
Modeling, “simulation and optimization design of PCB 
planar transformer”, Electrical Machines and Systems, 
2005.IECM2005, vol.3 pp.1736-1739, September 2005. 
[4] Fu Wong, Jun Lu, “Design consideration of high 
frequency planar transformer”, Magnetic Conference, 
2002.INTERMAG Europe 2002.Digest of technical 
papers.2002 IEEE International, pp.BW9, May2002. 
[5] Concettina Bucella, Carlo Cecati, Marco. Di Domenico,   
“Anaccurate equivalent circuit of high power/high 
frequency planar transformer using FEM”, International 
Symposium on Power Electronic, SPEEDAM 2008. 
[6] Fu Wong, Junwei Lu, “High frequency planar transformer 
with helical winding structure”, IEEE Transaction on 
magnetic, vol.36, No.5, September2008. 
[7] Tarik Gurham, William Cronje, Jacobous Daniel, “Loss 
modeling and thermal measurements in planar inductors-a 
case study”, IEEE transaction on industry application, 
vol.38, No.6, December2002. 
[8] B.Ackerman, B.Lewalter, E.Waffenschmidt, “Analytical 
modeling of winding capacitances and dielectric losses for 
planar transformers”, Computers in power electronics, 
2004 IEEE workshop, pp.2-9. 
[9] Alexander Stadler, Manfred Albach, “The influence of the 
winding layout on the core losses and the leakage 
inductance in high frequency transformers”, IEEE 
transaction on magnetic, vol.42, No.4, Appril 2006. 
[10] Ziwei Ouyang, Thomsen, Ole C. Andersen, Michael A. E, 
“The analysis and comparison of leakage inductance in 
different winding arrangements for planar transformer”, 
Power Electronic and Drive system, PEDS2009. 
[11] N. Shahabi,, “New configuration for reduction of 
capacitive coupling in planar magnetic elements”. EPE-
PEMC,Macdonia, OCT 2010 
[12] ANSYS® Academic Research, Release 12.0, Help System. 
Electromagnetic Field Analysis Guide, ANSYS, Inc. 
 Fig.14. comparison between the equal capacitance for 
simple and split winding structures for different Chm ing the Chm is achieved through the changes 
value of track width and distance between 
cks in the middle layers. 
